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1 .  INTRODUCTION 


A  recent  Air  Force  Weapons  Laboratory  1AFWL)  document.  Electronic 
Component  Modeling  and  Testing  Program,  AFWL-TR-78-62  Pt.1  (March  1980), 
contains  a  new  model  for  predicting  bipolar  transistor  and  diode  failure 
for  reverse  junction  bias.  This  paper  examines  the  capability  of  this 
model  using  as  a  baseline  a  library  of  experimental  damage  data  for 
devices  from  the  front  ends  of  an  array  of  Army  tactical  multichannel 
radios. 


2.  EXAMINATION 

The  new  model  is  implemented  as  follows: 

(1)  Calculate  doping  concentration  from  room  temperature  breakdown 
voltage: 


Nd  =  4.49  X  lO^V^*5 


where 

Nd  =  doping  concentration  on  lightly  doped  side  of  junction 
(inverse  cubic  centimeters), 

VBD  =  room  temperature  breakdown  voltage  (volts). 

(2)  Calculate  breakdown  voltage  at  critical  failure  temperature: 


VBDC  =  4‘07  X  1°12"d°*67 


where 


VBDC  =  ^rea^own  voltage  at  critical  failure  temperature 
(volts). 


(3)  Calculate  space  charge  resistivity: 


psc  «  2.48  x  1025N~l *8 
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phscsduo  fk®  MAIK-MOT  fuj® 


where 


pgc  =  space  charge  resistivity  (ohm-square  centimeters). 

(4)  Calculate  bulk  resistivity: 

Pblk  =  3‘61  x  1o1°nd°‘81 

where 

p blk  =  bulk  resistivity  (ohm-square  centimeters). 

(5)  Calculate  failure  current  density  at  100  ns: 
Emitter-to-base  junction: 

Jp  =  3.84  x  10_11nO*88 


where 

Jp,  =  failure  current  density  at  100  ns  ( amperes/ square 
centimeter) . 

Col lector- to-base  or  diode  junction: 

Jp  =  8. 2'3  x  10_ilN°*88 

(6)  Calculate  junction  area: 

Emitter-to-base  junction: 

Priority  1 

Area  =  1. 47/2. 3  x  IO^Cq^V8  *67V  * 05 


=  C 


V0*5  =  corrected  emitter-to-base  capacitance 
RE  RF 

( picofarads) , 


where 


=  emitter-to-base  capacitance  at  rated  voltage 
( picofarads) , 

Vj^p  =  rated  voltage  (volts), 

VBD  "  rated  emitter-to-base  breakdown  voltage  (volts) . 
Priority  2 

Area  =  6.34  x  10_4I°^®2' 

where 


where 


where 


xMAX 


=  maximum  rated  transistor  collector  current  (amperes). 


Priority  3 

Area  =  8.75  x 


10"3/2x  1(T6Cn  v£*83\0#58 
^  °CB  BDCB J 


cn  =  Cn^>v?%A3  3  3  =  corrected  collector-to-base  capacitance 
yhd  RC  jRC 


CB 


( picofarads ) , 


Cj^  =  collector-to-base  capacitance  at  rated  voltage 
( picofarads) , 


VR£  =  rated  voltage  for  collector-to-base  capacitance  (volts) 


Von  =  collector-to-base  breakdown  voltage  (volts) 
buCB 


Priority  4 


Area  =  1.19  x  1O-20^;,9‘4 


0j,  =  junction-to-case  thermal  resistance  (degrees 
Celsius/ watt) • 

Priority  5 

Area  =  2.790"^  *70 


where 


where 


0  ^  =  junction-to-ambient  thermal  resistance  (degrees 
Celsius/ watt) . 

Col lector- to- base  junction: 

Priority  1 

Area  =  O.O47038,09 

Priority  2 

Area  =  2.72  x  10_3imax2 

Priority  3 

Area  =  3.630'U*W 


Priority  4 


1 0-2  ^2 


Area  =  1.13  x  1 0-2 ( 2  x  10~6Cn  v0*83!0*39 

°CB  BD 


3^0  .  • 


Diode  junction: 

Priority  1 

Area  =  8. 1  x  lO'3!^^6 


where 


lmax 


-  maximum  rated  diode  currents  (amperes)  for  Zener  diodes 
=  IZMVZ' 


IZM  =  maximum  rated  Zener  current  (amperes). 


=  rated  Zener  voltage  (volts) 
Priority  2 
Area 


0.458^2  x  1CT6C0  V^83^0* 


83 


'On 


-RD 


RD 


—  p  y0  *333 
CRDVRD  ' 

*  diode  junction  capacitance  at  rated  voltage  (picofarads), 

*  rated  voltage  (volts) • 
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Priority  3 


Area  =  O.4890^*2i 


where 


6 ^  =  junction- to-lead  thermal  resistance  (degrees 
Celsius/ watt ) • 

Priority  4 


Area  =  1.9630^*32 

(7)  Calculate  bulk  resistance,  space  charge  resistance,  and  failure 
current  at  100  ns: 


RBLK  =  PBLK/area  ' 


Ft  =  p^Varea  , 
SC  SC 


I  „ *  J  X  area 
F  100  ns  F 


(8)  Calculate  power  to  damage  for  pulse  duration  t: 


PD  = 


BDC 


lF  100  ns  aF  100  ns 
-  +  - 


3.162 
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(Rsc  +  rblk) 


/1000t°  *5 


3 .  RESULTS 

Appendix  A  lists  a  program  used  to  implement  the  AFWL  model  ,  along 
with  the  input  and  resultant  data.  The  model  predictions  are  presented 
in  figure  1  as 

Px/P  ,  for  Px  >  P  , 

P/Px  ,  for  P  >  Px 


where 


Px  =  experimental  power  to  damage, 

P  =  corresponding  predicted  value. 
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as  a  function  of  the  percentage  confidence  level.  The  percentage 
confidence  level  is  defined  as  the  percentage  of  data  points  with  a 
ratio  less  than  or  equal  to  the  given  value.  The  envelope  defined  by 
the  five  priority  models  is  plotted  in  figure  2  along  with  the 
predictions  of  the  junction  capacitance  damage  model  for  comparison  and 
a  plot  of  the  scatter  in  the  experimental  data.  The  scatter  in  the 
experimental  data  is  the  ratio  of  the  power  to  damage  for  the  individual 
devices  and  the  experimentally  defined  damage  curve  presented  in  the 
mode  previously  indicated  for  the  AFWL  model  predictions.  The 

experimental  data  base  used  for  this  projection  includes  but  is  larger 
than  that  indicated  in  appendix  A.  The  total  base  of  822  devices 
comprised  a  test  population  of  82  P-N  junction  types.  This  population 
includes  both  germanium  devices  and  specialty  devices  for  which  AFWL 
model  data  are  unavailable. 


Figure  1.  Percentage  confidence  level  versus  scatter  in  data  for  AFWL 
model:  0  =  priority  1,  □  =  priority  2,  V  =  priority  3,  |  = 

priority  4,  and  -  =  priority  5. 
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CONFIDENCE  (%) 


Figure  2.  Percentage  confidence  level  versus  scatter  in 

data  for  junction  capacitance  damage  model  (solid 
circles),  limits  of  AFWL  damage  model  (dashed 
curve),  and  experimental  data  (solid  curve)# 


4.  CONCLUSION  AND  DISCUSSION 

At  high  confidence  levels,  the  AFWL  model  represents  approximately  a 
doubled  improvement  over  the  junction  capacitance  damage  model  based  on 
the  device  population  employed  in  this  study*  One  note  of  caution:  The 
AFWL  model ,  like  all  previous  damage  models,  is  for  junction  reverse 
bias  only.  TO  project  from  reverse  bias  failure  to  failure  under 
forward  bias  is  fraught  with  great  difficulties.  Figure  3  is  a 
histogram  of  the  experimental  ratio  of  power  to  failure  for  forward  and 
for  reverse  bias.  (All  measurements  were  made  at  0.1-,  1-,  and  10-us 
pulse  durations.)  Previous  studies  have  shown  that,  despite  the 
generally  higher  power  to  failure  for  forward  bias,  damage  is  as  likely 


to  occur  under  forward  as  under  reverse  conditions  for  circuits  driven 
to  the  failure  level , The  uncertainty  indicated  in  figure  3  must  be 
included  in  the  uncertainty  of  the  damage  model  predictions  in 
projecting  damage  characteristics  to  forward  bias. 


Figure  3.  Histogram  of  ratio  of  experimental  power  to  damage  for 

forward  and  reverse  junction  bias  for  pulse  durations  in  0. 1- 
to  10-ys  range  for  78  percent  of  P-N  junction  types  included 
in  appendix  A. 


1 Michael  J .  Vrabel ,  EMP  Assessment  for  Army  Tactical  Communications 
Systems:  Transmiss ion  systems  Series  No.  3  Radio  Terminal  Sets  AN/TRC - 
112  and  AN/TRC-12 1  (U ) ,  Harry  Diamond  Laboratories  HDL-TR-1807  (May 
1977).  ( SECRET-RESTRICTED  DATA ) 

2 George  Gornak  et  al ,  EMP  Assessment  for  Army  Tactical  Communications 
Systems;  Transmission  Systems  Series  No.  1  Radio  Terminal  Set  AN/TRC- 
14  5  (U),  tfarry  Diamond  Laboratories  HDL-TR-1746  (February  1976). 
(SECRET-RESTRICTED  DATA) 
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APPENDIX  A 


— AIR  FORCE  WEAPONS  LABORATORY  MODEL  CODE,  INPUT  DATA,  AND 
RESULTS  OF  PREDICTING  BIPOLAR  TRANSISTOR  AND  DIODE  FAILURE 
FOR  REVERSE  JUNCTION  BIAS 
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APPENDIX  A 


■ 


C  DATI1,N)>-1:  01 OOt  JUNCTION,  0:  C-B  JUNCTION,  1:  E -B  JUNCTION 
C  DAT12,N)>8REAKOOWN  VOLTAGE  (V) 

C  DATia.NI>  DIODE  CAPACITANCE  IPF),OEFAULT  VALUE=0 
C  DAT{4,N)>C-B  CAPACITANCE,  DEFAULT  VALUE=0 
C  DATIS.N ) *  E-B  CAPACITANCE  (PFI,  DEFAULT  VALUE>0 
C  DAT C6»N )>NAXIMUM  RATED  COLLECTOR  OR  OIUDE  CURRENT (A  I 
C  DATI7»N)=JUNCT10N-TD  -CASE  THERMAL  R ESI  ST ANCE I  THE T A  JO  IC/k) 

C  DAT (8 ,N )>JUNCTION-TC-AMBI ENT  THERMAL  RE  5  I  ST ANC EF THE TA  JA »  IC/W) 

C  DATI9,N)>6REAKD0WN  VOLTAGE  FOR  C-B  FOR  EMITTER  DATA 
C  DATIIO»N)=EXPERIMENTAl  PONER  TO  DAMAGE  AT  0.1US 

C  DAT (11,N)SEXPERIKENTAL  POWER  TO  DAMAGE  AT  1  US 

C  DAT(12,N)=EXPERIMENTAL  POWER  TO  DAMAGE  AT  10  US 

DIMENSION  DAT  1 12  ,68  I  ,  DOPE  168  ),  BVI68),  RH0SCI68I,  RHQBLK  <68  I 

DIMENSION  FA  I L I  168 1  ,  AREA ( S ,6B) ,  RBLM5.6B),  RSC(5,G0I,  (UR|5,68I 
DIMENSION  015,68),  RAT  1 0  IS  ,  3  ,  (6  )  ,  BIGfS),  M2C5),  NZI5),  SETC5I 
DIMENSION  BIS,  ISO  I  ,  CIS, ISO) .  MV  I  SI,  RSULT IS, 300) 

DIMENSION  DEVICEI272),  RAT  IS  ,3,68  1 

DIMENSION  AVGI3.68),  BBI200).  CCI200),  RSLTI400) 

NAME  LIST/ LIST A/ DAT, DEV  ICE 
READ  (S.LISTA) 

WRITElfc.l) 

1  FORMAT I20X  .10HBREAKD0WN  ,10h  DIODE  ,10H  C-B  , 

L10H  E-B  .10HC0LL.  CURR.10H  THETA  JC  ,IOH  THETA  JA  , 

E10H  BV  C-B  .10HDAMAGE  ,  10HDA  MAGE  .10H0AMAGE  ) 

WRITEI6.2I 

2  FORMAT (20X.10H  VOLTAGE  ,10H  CAP.  ,10H  CAP.  , 

L10H  CAP.  , 1  OH  MAX.  ,30X,10H  I0.1US)  , 

C10H  ll.OUS)  , 1  OH  110. USI  ) 

WRITE(6,3> 

3  FORMAT  HO  X  »l  OH  IVDLT5)  .JOH  IPFI  ,10H  IPFI  , 

L10H  IPF)  , 10H  I  AMP )  ,  10H  IC/WATTI  , 10H  tC/MATT I  , 

C10H  I VOLT  S )  ,10H  I  WATTS )  ,10H  IWATTSI  ,10H  IWATTSI  I 

WR1TEI6.4  ) 

4  FORMAT (2X1 

DO  201  N> 1  ,65 

M>4*IN-l)«l 

NM*M«I 

MMM*MM+1 

MMHK 

WR IT £16, 2001 OE VICE (M), DEVICE (MM1 .DEVICE  IMMM ), DEVICE IMMMM) , 

LIDAT  (M  ,N  t  ,MX  2, 1 2 1 

200  FORMATI2X,4A4,6F10.3,3FI0.2) 

201  CONTINUE 

DO  100  N>1  ,68 

1FIDATI2,N).E0.0.)  GO  TO  100 

DOPE  IN)>'«4.49E*18I*DATI2  ,NI**I-1  .5) 

100  CONTINUE 

DO  101  N*1 ,68 

IF  ID  OPE  IN)  .EQ.O.)  GO  TO  101 
BVIN)*I4.07E«12)*I  DOPE  IN)I**(-0.67I 

101  CONTINUE 

DO  102  N*1  .68 

IFIDOPEIN)  .EO.O.)  GO  TO  102 

RHOSC IN )»I2.48E*25I*  IDOPE IN)  I  **l -  1 .8  I 

102  CONTINUE 

DO  103  N*1  ,68 

IFIDOPEIN)  .EO.O.)  GO  TO  103 
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RHOBIMN)  *  13.611  MO  I  *1D0 PE  IN  )  )**l  -0.81 1 

103  CONTINUE 

DQ  104  N 1 1  ,68 
lFIDATtl.Nl) 105,105.106 

105  TAIL  1  IN)  =I8.26E-11 1  *(DOPEIN)  I  *•€  0  *88  ) 

60  TO  104 

106  FAIlllN>*l3.64E-ll)*fD0PCCNI  1**10.86  I 

104  CONTINUE 

DO  107  N-l  ,68 
IMOATll.NI)  110,109,106 

106  AREA ll,Nl=1.47*IC2.3E-06)*DAT(5,N )«DAT|2,NI **0 .6 7 1 **1 .05 
AREA12.NI  Mb.  34  E -04  I  •(  DAT  (6  ,  Nil*  *0.8? 

AREA  (3, NM  16  .75E-03  )  *12.  E-06  *DAT  I  4  ,N  >  *IDAT  C9  ,N  )  )  **0  .6  3  1  **0  .58 

IFIDAT<7,NI.EO.O.>  00  TU  150 

AREA  (4  ,N ) 1  (1  . 19E -2  )  *  IOAT  I7,N  )  >•» I -0.94  ) 

150  IFlDATltl.NI.EW.O.)  00  TO  107 
AREA  15,N»=2.79*DAT 1 8  ,N  >  **1  - 1 . 7) 

00  TO  107 

109  1F(0ATI7,N1.E0.0.)  00  TD  151 
AREAI1,N>=0. 047*1  DA T17,N))**I -0.891 

151  AREA  (2,N>  M2.72E-03 ) *1 0ATI6 ,N 11** 10.62 I 
1FIDATI8,N).EU.0.1  00  TO  152 

AREA  I 3,N1 =3.63*1  DAT  16 ,Nll **1 -1.4 7 1 

152  AREA  14 ,N1 *11 .13E-02  I • 12 . E-06 *OAT 1 4,N 1*0AT | 2 ,N I • *0 .83) **0 .39 
00  TO  107 

110  AREA!) ,N) =18 .IE-031* DA  Tit, Nl**l. 16 

AREA  12, N) =0.458 *12. E-06* DAT  1 3,N) • DAT  1 2 ,N )**0 .8 3 1**0. 8 3 

IF IDAT17,N).EQ.O.)  00  TO  153 

ARE A  1 3, N) =0.489*DATI7,N) ••!- 1.21  ) 

153  IF IDAT18,N).EQ.O.)  00  TO  107 

ARE A  14, N) = 1.963*0 ATI 8, N) **1-1.32  I 

107  CONTINUE 

DO  111  N=  1  ,68 
DO  112  H  =  1 ,5 

IF ( ARE A (H ,NI  .E Q  .0 .  I  00  TO  112 
RBLK 1H ,N I *RH08LK1NI /AREA  IN ,N  I 
RSC1H,N)=RH0SC IN  I /AREA  IN, N) 

CURIN,Nl>FAIU (N)*A REAIM,  N) 

112  CONTINUE 

111  CONTINUE 

00  1 16  Nr  1  .68 
DO  113  H  =  1  ,5 

DIN, N  1=18 V IN 1*1CURCN,N)/3.162)«I  I  CUR  IN ,N1**2)/10.»* 

C1R5C IN, N )*RB IK (H, Nil  1/1000. 

113  CONTINUE 

116  CONTINUE 

DO  1 17  N*1  .68 
DO  118  N=1 ,3 
DO  1)4  K=1  ,5 
NN  *9  *N 
AN  =N -1 

IF  ID  IK  ,N)  .EO  .0 . 1  GO  TO  114 

RAT  10 IK ,H ,N1 * OAT INN  ,N) /l DSR , N)*3 1 62. *1 10 .1 **l-0 .5*AN| ) 
RATIK.N.N)  «RATIOIK,N,N» 

IFIR  ATIOIK.N.NI.EQ.O.)  00  TO  114 
IFIRATIOIK.N.NI.OE.I.)  GO  TO  114 
RATlOtK.N.N) *1./RAT IOIK,N,NI 

114  CONTINUE 
118  CONTINUE 

117  CONTINUE 
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WRITEU,  IS) 

15  FORMAT  ( 2X / //  /  ) 

WRITE(6t5> 

5  FORMAT (2X  « 12  3HR AT  10  CF  EXPERIMENTAL  POWER  TO  DAMAGE  TO  PREOICTEO  V 
EALUE  FOR  0.1,  1.0,  AND  10  USEC  PULSE  DURATIONS  FOR  FIVE  PRIORITY  M 
ECOEL 5//  ) 

MR1TE16.61 

6  F  ORM  AT  (26  X  ,1  if  H  PR  T  Y  1  ,  1  2h  PRTY  2  ,12H  PR  T  Y  3  , 

C12H  PRTY  4  ,12H  PRTY  5  /  ) 

DO  312  1*1  ,3 
00  311  N* 1 #65 
M*4»(N-l>4l 
MM  *M  4 1 
MMM  =MM  4l 
MMMM=MMM4l 

WRITEC6, 3 101  DEVICE (Ml, DEVICE (MM)#  DEV  ICE CMMM 1 ,DE V IC E (MMMM) # 
t { RAT (K»L#N),K=1,5) 

310  FORMAT! 10X#4A4,5F12  .4) 

311  continue 

NR  IT  E (6#31 3) 

313  FORMAT !  2X / / ) 

312  CONTINUE 

DO  800  N*  1  #68 
DO  801  M *  1  ,3 
A  J  *0  • 

DO  802  K *  1  #5 

AVG(M#N|*RATI0(K«M#N  MAVC(M  ,N) 

IF!RATIO(K,M,N)  .EQ.O.)  GC  TO  802 
A  J  *1  .4AJ 
802  CONTINUE 

IF tAVGIM.NI.ED.O.I  GO  TO  801 
AVC(P,N)*AVG <M ,N)/A J 
801  CONTINUE 
800  CONTINUE 

00  803  LL  =  1 , 200 
DO  804  N*  1  #68 
DO  805  M*1  ,3 

IF (A VGlMrNl.EU.O.)  GO  TG  80S 
IF (AVG(M#N  l.LE .BIGG  I  GO  TO  *05 
BIGG  *AVG(H  #N 9 
MAVG  *M 
NAVG *N 

805  CONTINUE 
604  CONTINUE 

NZAA*1+NZAA 

IF  ISETT.E  0.1.)  GO  TO  806 
IF IB1GG.NE  .0.)  GO  TO  806 
SE  TT  *1  . 

MVV=NZAA-1 

MAV*MVV 

806  CONTINUE 

6B (NZAA) *B 1GG 
BIGG  *0. 

A VG I MAVG#  NAVG) *0. 

603  CONTINUE 

DO  808  N*  1  #200 

BN*N-1 

AMV*MVV 

CC(NI*I00.-6N*tl00 ./AM V) 

808  CONTINUE 
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MM  -0 

DO  860  N*1 ,M VV 
AVER AG*BB  IN I ♦AVERAO 
880  CONTINUE 

AVERAG*AVERAG/AMV 
DO  809  N*1,HVV 
MM*1 *MM 

RSLT (MM )*BB(N1 
MM  =  1 *HM 

RSLT  IMM I *(( I N 1 
809  CONT INUE 

DO  130  LL-1.1S0 
DO  1  23  N*1  »6 8 
DO  124  N-l  ,3 
DO  1 20  K*  1  ,5 

IFIRATIO(K»M.N).EO.O.)  GO  TU  120 
IFIRATIO|K,MfN).LE.BIGIK)l  GO  TO  120 
BlG(K)-kATIO(K,M,N> 

MZ I K 1 =M 
NZIK I *N 
120  CONTINUE 
124  CONTINUE 
123  CONTINUE 
NZA*  1«NZA 
DO  131  KK  =  1  *  5 

IF (SETIKK I »E  0  •  1  . 1  GO  TO  131 
1FIB1GIKK1.NE.0.I  GO  TO  131 
SET { KK I *1  . 

MV  IKK  I =NZ  A-l 

131  CONTINUE 

DO  132  KK=1,5 
BIKKtNZAI-BIGIKK) 

B 1GIKK  I  *0  • 

132  CONTINUE 

DO  133  KK  *  1  •  5 
MZZ*MZ IKK) 

NZZ  *NZ  IKK  1 

RATIO (KK  t M  ZZ .NZZ 1-0. 

133  CONTINUE 
130  CONTINUE 

DO  140  N*1,1S0 
DO  1  35  K*1  .5 
BN*N-1 
AMV«MV(K1 

C  IK »N  1*100. -BN *1100  ./I  AM V-»  .0000001 1) 
1 35  CONTINUE 

140  CONTINUE 

DO  142  K*l,5 
MVVMVIK) 

MM  *0 

DO  141  N*1  ,MVV 
RM«1*HN 

RSULTIK,MM)*B(K,NI 
MM»1 ♦MM 

RSUlTlK.MM  )*C IK  *N ) 

141  CONTINUE 

142  CONTINUE 
MRITEtfc.ll) 

11  FORMAT I2X//// ) 

NR  IT E (6, 10) 
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10  FORMAT I  2X (128 HR AT  10  EXPERIMENTAL  AMO  PREDICTED  POWER  TO  DAMAGE  VS 
(.PERCENTAGE  CONFIDENCE  LEVEL  FUR  ALL  PULSE  DURATIONS  FOR  FIVE  PRIOR 
UTV  MODELS//  I 
DO  145  K *1  ,5 
HJV=(MV|K)«1J*2 

WRITE (6, 1461 CR5ULT  CK  ,M l,M  =  l  ,MJV) 

146  FORMAT (SX ,2F9.2,3X,2F9.2,3X,2F9.2  , 3X  ,2F9 .2  ,2X  ,2F  9  .2  ) 

WRITE (6 •12) 

12  FORMAT I2X//) 

14S  CONTINUE 

WR  I T  E  It  ,8  1 0) 

810  FORMAT (2X/// /  ) 

WRITE (6 •811) 

811  FORMAT I2X , 124HHATI0  OF  EXPERIMENTAL  AND  PREDICTED  POWER  TO  DAMAGE 
CVS  PERCENTAGE  CONFIDENCE  LEVEL  FOR  AVERAGE  VALUE  OF  FIVE  PRIORITY 
CMODELS//) 

MJV=(MAV*1  )»2 

WRIT EI6, 146) (RSE1 (M)  ,M>1 ,HJV) 

WRITEE6.810I 

WR|TE(6,801)AVERAG 

881  FORMAT (15X.31HAR1THMETIC  MEAN  OF  ABOVE  DATA  *,F9.2) 

STOP 

END 

/• 

//GO.SYSIN  DD  * 

ELISTA  DAT=0,120,0.11,0..05 .0,357.120 ,140,62,20, 

1,33, 0,0 ,9,. 05 ,0,367,120,30,16,9, 

0,2  50  ,0,1 6,0,. 025  ,0  ,0,250,300  ,80,20, 

1,2 7, 0,0, 9,. 025, 0,0, 260, 100,44, 20. 

0,54,0,17,0,0,0,1000,54,160,70,30. 

1.7  ,0,0,22,0,0,1000,54,625,  112,70. 

0  ,200  ,0  ,4  .3  ,0  ,  .05  ,0  ,500 ,200  ,60  ,46  .42, 
l *1 0.2,0, 0,5 .3  ,.05,0,500,200,160,4  8,15  , 

0  ,1  07  ,0  ,142  ,0 , 1  .5  ,0 ,345 ,107  ,1 15,72  ,44  , 

1,7. 8, 0,0  ,53,1.5,0,345,107,590,25  5.110, 

0,45, 0,8,0,. 03, 0,500, 45, 180 ,74, 30. 

1, 5, 0,0. 0,. 03,0. 500, 45, 230, 60, 16, 

0,108,0,5  7,0,0 ,0,4  76,108 ,10,10,10  , 

1,7. 4 .0,0 ,8 ,0,0, 4 76,108,53,30,18, 

0,93,0,18 ,0,. 6, 0,434 ,93, 135 ,5 3, 20. 

1,8 .5 ,0,0 ,23,. 6,0 ,434, 93, 110, 78,5 3, 

0.1 07, 0,1  5,0,. 8  ,0,303,10  7,220,85,32. 

1,7.3,0,0,31,. 8, 0,303, 107,400, 135  .40, 

-1,0, 0,0, 0,1 ,0 ,0,0,2800.2300,2100. 

-1,0,0,0,0,0,0,0,0,4100 ,2  700, 1600  , 

— 1 , .64 ,0, 0,0,0 ,0,0,0,6400,2700,1400, 

-1,2. 5, 0,0, 0,0, 0,0, 0,3. 4, 2,1.  1, 

-1,115,5.7,0,0  ,.075 ,0,0 ,0,420  ,80, IS, 

—1 ,5.7 ,40 ,0 ,0,0 ,0 ,0 ,0,2300, 34  0,83, 

-1,154,0,0.0,0,0,0,0.3300.1350,510, 

-1,18,2320,0,0,0,0,0,0,170000,5  3720.1  7000, 

-1,0 ,0,0, 0,2, 0,0, 0,3000, 3000 ,3000  , 
-1,4.7,0,0,0,0,0,0,0,262446,83000,26244, 

-1,6.8  ,0, 0,0,0  ,0,0  ,0,130  0  00  ,4  10  79 .130  0  0. 

—1,0, 0,0, 0,3,0 ,0,0 ,80000 ,2528  0,80  00 • 

-1,0,0 ,0,0, 1,0 ,132,0,6700,2117,670, 

0,40, 0,1,0,. 04, 0,909, 40, 120, 16, 12. 4, 
l  ,5  .4  ,0 ,0  ,0  , .04  ,0  ,909  ,40  ,  8. 2, 2. 6,  .84, 

0  *87,0,0  ,  0,1.5,15  ,0  ,  87,1800,1000,500, 

1.6,0  ,0  ,0,1  .5,15,0,87,1300,440,2  3  0, 
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0.1  20  ,0  ,0  ,0,6,2  .4  ,0 ,120, 7000,2300 .100  , 

1  ,1*. ,0,0,0, 6,2  .4,0,120,13  00  0  ,  38  0  0 .130  0  , 
0,315,0,0  ,0,5, 5,0 ,315,1200.370,120, 

1  ,9  ,1  ,0 ,0 ,0 ,5 ,5 ,0  ,315,10 000 ,2  150 ,490 , 
0,36, 0,6,0,. 2, 0,500, 36, 170, 50,14, 

1,6  .4, 0,0  ,0  ,  .2  ,0,500,36,30,19,12, 

0,30,0,. 6  ,0,. 0  3, 0,909, 30, 47, 17, 6, 

1  ,3,0,0  ,0  ,.03,0  ,909, 30 ,22,10,4.3, 

0,40, 0,5,0,. 2, 0,500 ,40, 100, 21  ,4.3, 
1,S<0,0,0,.2,0,500,40,C2«31.5,20, 

0  ,53,0 , .56 ,0 , .05,0 , 200 , 53 ,64 , 20,5 .6, 

1,7. 1,0,0,. 6,. 05, 0,200, 5 3, 22. 10, 4, 

0,1 23, 0,2 5,0,. 5, 0,222, 12 3, 3200, 21 00, 14 00, 

1.8  .8  ,  0,0  ,  0,. 5, 0,222, 123  ,  750, 340, 160, 
0,205.0,0,0,3,7,0,205,1700,1100,700, 
1.18,0,0,0,3,7,0,205,290000,30000,3100 , 
0,575,0,0,0,1,36,0,575,78,27, 10, 

1.9  .4  ,0,0  ,0,1 ,36,0,575,2200,620,180, 
0,25,0,6,0,0,0,500,25,93,17,2.8, 

1,5  ,0 ,0,0  ,0,0,500  ,25  ,50,18,6.6, 
-1,536,0,0,0,12  ,0 ,0,0,170  000,5  3720,170  00. 
-1,5.1  ,265,0,0  ,0,0,0,0,25500,2500  ,240  , 
-1,270, 6, 0,0,. 2 .0,0,0,2000,435,100, 
-1,36,730  ,0,0,0,0,0,0,100000,31600,10  000, 
-1,16,310  ,0,0,0  ,0 ,0,0,14  0000,14000,140  0, 
-1,505,85  ,0,0,0,0,0,0,44.33.5.25, 
-1,3.3,350,0,0 ,0,0,0,0,153800 .20000,2600, 
-1,725,17 ,0,0,. 4, 0,0, 0,1 625 ,5 60, 500, 
-1,514,0,0,0,12 ,0,0,0,9000,1000,100, 
-1,1580,0,0,0, .35,0,0,0,5700,2000,800, 
OEVfCEIII  =4H2N32,4H8AIC,4H-B>  ,4H  , 

4H2N32.4H8AIE ,  4  H— B  )  ,4H  , 

4H2N33.4H51C-.4HB)  ,4H  , 

4H2N33,4H5IE-,4HB)  ,4H  , 

4H2N33,4H6.JA,4HNIC-,4HB)  , 

4H2N33  »4H6  S JA ,4HN If  - »4HB )  , 

4H2N24.4H84IC »4H-B)  ,4H  , 

4H2N24,4H84|E,4H-B)  ,4H  , 

4H2N37.4H361C ,4H-B)  ,4H  , 

4H2N37.4H36 IE , 4H-B 1  ,4H  , 

4H2N93 ,4H0I C-,4hB )  ,4H  . 

4H2 N93 ,4H0 1 E— ,4HB 1  ,4H  , 

4H2N24,4H81IC,4H-B1  ,4H  , 

4H2N24.4H81 IE ,4H-B)  ,4H  , 

4H2N29.4H07AI  ,4HC-B  1  ,4H  , 

4H2N29,4H07AI,4HE-B),4H  , 

4H2N22.4H22AI  ,4HC-B  l,4H  , 


4H2N22 .4H22AI 

.4HE-BI 

»4M 

4H1N43.4H84 

»4H 

•4H 

4HFS91.4H1-34 

,4H6$ 

t4H 

4H1N81.4H6 

1 4H 

#4H 

4H1N21.4HNE 

»4H 

*4H 

4H1N91.4H4A 

1 4H 

t4H 

4H1N75.4H2A 

1 4H 

*4H 

4HPC11.4H5 

1 4H 

#4H 

4H1N30.4H26B: 

»4HJ  AN 

»4H 

4H1N36.4H11 

*4H 

»4X 

4H1 N39 ,4H95 A 

•  4N 

*4H 

4H1 N30 ,4H166 

•  4H 

•  4H 

4H1N41.4H41 

.4h 

1 4H 
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4H10D2  »4H  »4H  »4H 

4H2N28,4rt57lt,4H-b)  »4H 

4M2N26 ,4H57IE »4h-B>  *4H 
4W2N3  3  »4H  75 1C  »  4H— 6  I  .4H 
4H2N33»4H75IE  »4 H-6 )  .4H 
4H2N14,4H90:J.4HANIt  *4H-bl 
4H2N14 ,4H90:J«4HANtE »4H-B  > 
4H2N35 ,4H84IC ,4H-6I  .4H 

4H2N35,4HB41E ,4H-B>  .4H 

4H2N26»4H94IC*4H-B)  »4H 
4H2N28,4H94<E ,4H-B)  .4H 

4H2N58,4H29(t,4H-B>  »4H 

4H2N58,4H29|E ,4H~B»  .4H 

4H2N30,4H13:  J.4HANK ,4H-B) 
4H2H30.4H13SJ.4MANIE ,4H-B) 
4HCA30,4H18IC,4H-B>  »4H 

4HCA30,4H18IE,4H-B>  »4H 

4H2Hl6,4Hl3:4t4HANICt4H-B) 
4H2N16*4H13:J.4HANCE ,4H-8 I 
4H2N14,4H85»J»4HANEC ,4H~b 1 
4H2N14 .4H85IJ.4HANIE ,4H-b> 
4H2N34,4H39(Ct4H-B)  ,4H 

4H2N34 ,4H39 l  E  *4  H— B I  ,4H 
4H2N70 , 4Hfc :  JA 1 4HN »C - ,4HB  J 
4H2N70»4W6*JA«4HNIE-»4HB ) 
4H1 N25  »4H80  ,4H  *4H 

4HlN75,4HlA:j»4HAN  t4H 
4H1N48,4H58:J.4HAN  »4H 

4H1N29,4H9IB:  4HJAN  »4H 
4H1N30,4H25E:»4H4AN  »4H 

4NM010.4H54  ,4H  »4H 

4HIN74.4H6A: J.4HAN  .4H 
4H1K64»4H5*JA»4HN  .4H 

4H1N12*4H02RA.4H: JANt4H 
4H1N17,4H31AS,4HJAN  »4H 

tEKO. 

/» 

// 
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